Serial No. Not yet assigned 



REMARKS 
INTRODUCTION: 

This preliminary amendment is being filed in order to improve the form of the above 
referenced application. In accordance with the foregoing, a substitute specification, replacement 
drawings and a new abstract are included in this Preliminary Amendment. Claims 1-12 have 
been amended and claims 13-19 have been added. No new matter is included in this 
amendment. 

CONCLUSION: 

There being no outstanding objections or rejections, it is submitted that the application is 
in condition for allowance. An early action to that effect is courteously solicited. Finally, if there 
are any formal matters remaining after this response, the Examiner is requested to telephone 
the undersigned to attend to these matters. If there are any additional fees associated with filing 
of this Amendment, please charge the same to our Deposit Account No. 503333. 



1400 Eye St., NW 
Suite 300 

Washington, D.C. 20005 
Telephone: (202)216-9505 
Facsimile: (202)216-9510 



Respectfully submitted, 



STEIN, MCEWEN & BUI, LLP 





Michael D. Stein 
Registration No. 37,240 
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IN THE SPECIFICATION: 

Please REPLACE the specification with the attached SUBSTITUTE SPECIFICATION. A 
clean version of the specification is also provided. 
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AMENDMENTS TO THE DRAWINGS: 

Please include the attached replacement FIGS. 1-5 in the application. Changes to the 
various figures relative to PCT application are as follows. All of the sheets have been revised to 
remove the PCT markings. In FIG. 4, the matrices have been identified by reference characters 
"H," "C," and "Z," to coordinate with the specification. 
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TITLE OF THE INVENTION 
ERROR CORRECTION METHOD AND APPARATUS FOR LOW DENSITY PARITY CHECK 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of PCT International Patent Application No. 
PCT/KR2004/003079, filed November 26. 2004, and Korean Patent Application No. 2003- 
85769, filed November 28, 2003 in the Korean Intellectual Property Office, the disclosures of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

T e chn i ca l Fi el d 1. Field of the Invention 

[0002] Aspects of I he-the present invention fetates- relate to an error correction method and 
apparatus, and more particularly, to an e rror corr e ct i on s method otand an apparatus for 
determining whether an error exists in a decoded binary signal and correcting the error if the 
error exists in a decoding apparatus using a low density parity check (LDPC). 

Background Art 2. Description of the Related Art 

[0003] A low density parity check (LDPC) encoding and decoding method refers to an error 
correction encoding and decoding technology used in a wireless communication field and an 
optical recording/reproducing field. An LDPC encoding includes a process of generating parity 
information using a parity check matrix. Here, most components of the parity check are 0, and 
very sparse components of the parity check matrix are 1 . 

[0004] The LDPC encoding is- mav be divided into a regular LDPC encoding and an irregular 
LDPC encoding. In the regular LDPC encoding, the number of components equal to 1 included 
in a parity check matrix used for encoding and decoding is the same in every row and column. 
Otherwise, the LDPC encoding is irregular. 

[0005] The LDPC encoding can be represented as shown in Equation 1 . 



[Equat i on 1] 
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H x C e = 0 ...(1) 

where, H indicates a parity check matrix, 0 indicates a zero matrix, 'x' indicates an exclusive OR 
(XOR) operation and a modular 2 operation, and C e indicates a code word vector, that is, a 
column matrix indicating a code word to be encoded. The code word includes an x-bit message 
word x 1( x 2l ..., x x and p-bit parity information p 1f p 2 ,..., p P . 

[0006] The parity information p 1f p 2 ,..., p P is generated so that the message word Xi, x 2l ..., x x 
sat i sfi e d satisfies Equation 1 . That is, since a binary value of the message word to be encoded 
among components of the parity check matrix H and matrix C is determined, parity information 
Pi (i = 1, 2,..., p) can be determined using Equation 1. 

[0007] The LDPC e ncod i ng decoding can be represented as shown in Equation 2. 
[Equation 2] 

H x C d = Z ...(2) 

where, H indicates the same parity check matrix as that used for the encoding, C d indicates a 
code word vector after passing a channel, and Z indicates a resultant matrix generated by 
performing a modular 2 operation on the two-H and Cd matrices. If an original code word is 
restored by successfully performing the decoding, that is, if C e = C d , the resultant matrix will be 
the zero matrix. That is, it is determined whether the decoding is successful by d e t e rm i n e d 
determining whether all components of the resultant matrix Z are 0. 

[0008] More detailed descriptions of the LDPC encoding are described in th e art i cl e , "Good 
Error Correction Codes Based on Very Sparse Matrices" (D.J. MacKay, IEEE Trans. On 
Information Theory, vol. 45, no. 2, pp 399-431, 1999) and "Efficient Encoding of Low Density 
Parity Check Codes" (T. Richardson, R. Urbanke, IEEE Trans. On Information Theory, vol. 47, 
no. 2, pp 638-656, 2001). 

[0009] However, according to the conventional LPOG 4.DPC decoding method described 
above , since the resultant matrix Z cannot be equal to the zero matrix even if an error is 
generated in only one bit of the decoded word vector C d , the decoding is determined as a 
failure. Therefore, the conventional LDPC decoding method is not an efficient decoding 
method. 
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Disc l osure of I nv e ntion SUMMARY OF THE INVENTION 
T e chn i cal So l ution 

[0010] The -Aspects of the present invention prov i d e s provide a low density parity check 
(LDPC) error correction method and apparatus for preventing a small number of errors from 
causing a total block to be determined as a decoding failure and correcting an error when it is 
determined that the error is in only one bit. 

Advantag e ous Eff e cts 

[0011] According to a naspects of the LDPC decoding method and apparatus of embodiments 
oHhe present invention, the decoding apparatus using the LDPC can prevent a small number of 
errors from causing a total block to be determined as a decoding failure and correct an error 
when it is determined thatjj 1-bit error exists. 

[0012] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention- 
D e scr i pt i on of Drawings BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the embodiments, taken in 
conjunction with the accompanying drawings of which: 

FIG. 1 is a flowchart of an LDPC error correction method according to an aspect of an 
embodiment of the present invention; 

FIG. 2 is a block diagram of an error correction apparatus according to an embodiment 
of the present invention; 

FIG. 3 illustrates correlations among components of matrices in a regular LDPC 
decoding; 

FIG. 4 illustrates an example of correlations among components of matrices representing 
a principle of an error determination and correction method according to an embodiment of the 
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present invention; and 

FIG. 5 is a flowchart of an error determination and correction method according to an 
embodiment of the present invention. 

Bost Mod e DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0014] According to an aspect of the present invention, th e r e i s provid e d a low density parity 
check (LDPC) error correction method compris i ng comprises : generating a resultant matrix (m*1) 
by performing an exclusive OR (XOR) operation and a modular 2 operation with respect to an 
LDPC matrix (m*n) and a code word vector (n*1); determining whether a decoding of the code 
word vector succeeded based on th e basis of the resultant matrix; and if it is determined that the 
decoding failed, detecting a code word bit, in which an error is generated, in the code word 
vector based on th e bas i s of correlations of components of the LDPC matrix, the code word 
vector, and the resultant matrix. 

[0015] According to another aspect of the present invention, th e r e i s provid e d an error 
determination method comprising comprises : generating a resultant matrix (m*1) by multiplying 
an LDPC matrix (m*n) by a code word vector (n*1) and determining whether a decoding of the 
code word vector succeeded based on th e bas i s of the resultant matrix; and if it is determined 
that the decoding failed, determining again whether the decoding succeeded based on th e bas i s 
of th e _ a_number of 1s included in the resultant matrix. 

[0016] According to another aspect of the present invention, th e r e i s prov i d e d a low density 
parity check (LDPC) error correction apparatus compris i ng comprises : a decoding 
success/failure checking unit generating a resultant matrix (m*1) by performing an XOR 
operation and a modular 2 operation with respect to an LDPC matrix (m*n) and a code word 
vector (n*1) and determining whether a decoding of the code word vector succeeded based on 
th e bas i s of the resultant matrix; an error location detector searching the-a_same column vector 
as the resultant matrix in the LDPC matrix and, if the same column vector exists, detecting an 
error location by detecting a column number of the same column vector. 

Mod e for I nv e nt i on 

[001 7] H e r e inaft e r, th e pr e sent i nv e ntion w il l now b e d e scrib e d mor e fu ll y with r e fer e nc e to 
th e accompany i ng draw i ngs, i n wh i ch e mbod i m e nts of th e i nv e nt i on ar e shown. Reference will 
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now be made in detail to the present embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings, wherein like reference numerals refer to the like 
elements throughout. The embodiments are described below in order to explain the present 
invention by referring to the figures. 

[0018] FIG. 1 is a flowchart of an LDPC error correction method according to an embodiment 
of the present invention. 

[0019] A decoding success/failure check of a decoded code word vector is performed in step 
operation 100. This step -operation is performed by determining whether all components of a 
resultant matrix Z obtained by performing an XOR operation and a modular 2 operation of a 
parity check matrix H and decoded code word vector C are 0 in accordance with Eguation 2. T 
as i n th e prior art. 

[0020] If it is determined that the decoding mailed- failed in step -operation 1 00, that is, if even 
a single T is discovered in the resultant matrix Z, it is determined whether the generated error is 
a 1-bit error in step- operation 110. A first condition of the 1-bit error is that the-a_number of 1s 
generated in the resultant matrix Z is the same as the-a_number of 1s included in a column of 
the parity check matrix H. That is, the first condition of 1-bit error is related to the number of 
errors. The reason is because a change of a code word bit influences generation of the 
resultant matrix Z as much as the number of 1s included in a specific column of the parity check 
matrix H. As a result, if the number of 1s included in the resultant matrix Z is not the same as 
the number of 1s included in a column of the parity check matrix H, it is determined that the 
error is not the 1-bit error 

[0021] If it is determined that the error is not the 1-bit error in step- operation 110, a decoder 
(not shown) determines that the decoding failed and finished the decoding process at the 
moment. .However, if it is determined that the error is the 1-bit error in step- operation 110, it is 
determined whether the decoded code word vector C satisfies a second condition to be the 1-bit 
error in step -operation 120. The second condition to be the 1-bit error is that the same column 
vector as the resultant matrix Z must exist in the parity check matrix H. That is, the second 
condition to be the 1-bit error is related to an error location. The second condition will be 
described in detail with reference to FIGS. 3 and 4. 
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[0022] If the two conditions to be the 1-bit error are satisfied in steps -operations 110 and 120, 
a 1-bit error correction is performed in step -operation 130. The 1-bit error correction is 
performed by changing binary values of code word bits corresponding to a column number of 
the column vector detected in step- operation 120 in the code word vector. 

[0023] FIG. 2 is a block diagram of an error correction apparatus according to an 
embodiment of the present invention. 

[0024] Referring to FIG. 2, the error correction apparatus includes a decoding success/failure 
checking unit 210, an error count detector 220, an error location detector 230, and a binary 
value changing unit 240. The decoding success/failure checking unit 210 determines whether a 
decoding succeeded or failed by generating a resultant matrix Z (221) from a code word vector 
C (211),. which is decoded binary signal, and a parity check matrix x and determining whether all 
components of the resultant matrix Z (221) are 0. 

[0025] If it is determined that the decoding failed, the error count detector 220 receives the 
resultant matrix Z (221), detects the-a_number of 1s included in the resultant matrix Z (221}, and 
determines whether the number of detected 1s is the same as a column weight of the parity 
check matrix H. If tfrev- the number of detected 1s and the column weight of the parity check 
matrix H are the same, the error count detector 220 generates a first condition satisfaction 
signal 231 and transmits the signal 231 to the error location detector 230. When the error 
location detector 230 receives the first condition satisfaction signal 231 from the error count 
detector 220, the error location detector 230 searches whether the same column vector as the 
resultant matrix Z (221) exists in the parity check matrix H. If the same column vector exists, the 
error location detector 230 transmits a second condition satisfaction signal 241 and a column 
number k of the detected column vector to the binary value changing unit 240. 

[0026] When the binary value changing unit 240 receives the second condition satisfaction 
signal 241 from the error location detector 230, the binary value changing unit 240 corrects the 
error by changing a binary value of a code word bit, which has the same number as the column 
number k of the column vector received from the error location detector 230, in the code word 
vector C (211). 
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[0027] FIG. 3 illustrates correlations among components of matrices in a regular LDPC 
decoding. 

[0028] An LDPC matrix H is an m*n matrix having components hn through h mn . In a regular 
LDPC encoding, the- a same number of 1 s isjncluded in each row R 2 , R 3 ,..., R n i s a l l th e 
sam e, and a l so, th e a same number of 1s included in each column d, C 2 , C 3 ,..., C n i s a ll th e 
s am e. H e r e th e The number of 1s in each row R 1t R 2 , R 3> ... , Rn is called a row weight, and the 
number of 1s included in each column C 1t C 2l C 3 ,..., C n is called a column weight. In a typical 
regular LDPC encoding, the row weight is 3, and the column weight is usually 9, which is a tr i p le 
numb e r o f three times the row weight. 

[0029] In a regular LDPC decoding, each row R 1f R 2 , R 3 ,... , R n is different from each other 
row , and each column C 1f C 2 , C 3) ..., C n is also different from each other column . That is, R 1( R 2 , 
R 3 ,..., R n , are respectively different and a teOr-Ci. C 2) C 3 ,..., C n are respectively different . This 
feature is used for an error correction that w ill b e d e scr i b e d l at e r is described below . 

[0030] A decoded word vector C includes code word bits x 1f x 2 , x 3> ... , x n including information 
bit and parity bit. The .resultant matrix Z is generated by performing a modular operation of the 
LDPC matrix H and decoded word vector C. 

[0031] Correlations among components of the matrices are represented as shown in 
Equations 3. 

[Equat i on 3] 



mod 2[h 11 x 1 + h 12 x 2 + ... + h 1n x n ] = 
mod 2[h 21 Xi + h 22 x 2 + ... + h 2n x n ] = z 2 



mod 2[h m1 Xi + h m2 x 2 + ... + 



m 



J 



Here, if any one of z 1( z 2 , z 3> ... , z n is 1 , it is determined that the decoding failed. 

[0032] FIG. 4 illustrates correlations among components of matrices representing a principle 
of an error determination and correction method according to an embodiment of the present 
invention. 
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[0033] Referring to FIG. 4, a column weight (CW) is 3, and a parity check matrix H is a 10*20 
matrix. Code word bits x 1} x 2t x 3) ... , x 20 indicates decoded code word bits. A resultant matrix Z 
is a column vector having 10 components. 

[0034] In feifr -the example shown in FIG. 4 e mbodim e nt , third, seventh, and tenth components 
of the resultant matrix Z are 1 . This resultant matrix Z indicates that the LDPC decoding failed. 
Now, it is e xam i n e d determined that e ach which component of the resultant matrix Z is 
generated from wha^- which components of the parity check matrix H and decoded code word 
vector C and that-the which components give what -which kind of influences to the error. The 
above ^Hm ^determi nations can be kf^own -made by examining Equation 3. 

[0035] A first T (411) of the resultant matrix Z is generated by performing the modular 
operation of a third row R3 of the parity check matrix H and the code word column vector. A 
second T (412) of the resultant matrix Z is generated by performing the modular operation of a 
seventh row R7 of the parity check matrix H and the code word column vector. Likewise, a third 
T (413) of the resultant matrix Z is generated by performing the modular operation of a tenth 
row R10 of the parity check matrix H and the code word column vector. If the decoded code 
word vector C was- were to be the same as a code word vector C, ammo '1' would ftet-appear in 
the resultant matrix Z. However, since at least one T app e ar e d appears in the resultant matrix 
Z, it can be predicted that binary values of one or more (unknown yet) bits among code word 
bits of the decoded code word vector C were changed. In the embodiment of the present 
invention, when only one code word bit is changed, that is, when a 1-bit error is generated, a 
location where the error is generated is predicted. 

[0036] tt- ln the example shown in FIG. 4, it is assumed that an error is generated in one bit of 
the decoded code word vector C and a location where the error is generated is a tenth code 
word bit x 10 of the decoded code word vector C. In Equation 3, when the resultant matrix Z is 
generated, the code word bit x 10 is modular ^operated with each bit of a tenth column C 10 of the 
parity check matrix H. However, the code word bit x 10 is not modular 2_operated with all bits of 
the tenth column C 10 since there are components having a value 0. That is, the code word bit 
x 10 is modular 2_operated in only locations where T exists among components of the tenth 
column C10, and as a result only the locations inf l uenc e s influence the generation of 
components of the resultant matrix Z. In th i s e mbod i m e n tt he example shown in FIG 4 , since 
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the locations where a component of the tenth column C 10 is 1 are the third, seventh, and tenth 
bits, 1s appear in the third, seventh, and tenth locations of the resultant matrix Z. 

[0037] As a result, if only a 1-bit error is generated, it can be known that column numbers of 
the parity check matrix H having T in the same locations as those where '1' appears in the 
resultant matrix Z are the same as numbers of code word bits where errors are generated in the 
decoded code word vector C. However, this proposition i s e ff e ct e d und e r an 
assumpt i on assumes that the parity check matrix H is a regular LDPC matrix and an error is 
generated in only one bit of the code word. If the error is not the 1-bit error, since a plurality of 
code words influence generation of components of the resultant matrix, and s i nc e a row of th e 
par i ty ch e ck matrix and th e g e n e rat i on of compon e nts of the r e su l tant matr i x, and since a row of 
the parity check matrix and the generation of components of the resultant matrix do not have a 
one-to-one relationship, nobody knows wh i ch the code word bits which influence the generation 
of the resultant matrix are unknown . 

[0038] As described above, a bit where an error is generated in the code word can be known 
determined by examining the resultant matrix ^. Th i s i s p e rform e d as follows. 

[0039] First, bit numbers whose values are 1 in a-the resultant matrix are detected. In the 
e mbod i m e nt example shown in ef-FIG. 4, the bit numbers whose components have 1 in the 
resultant matrix are 3, 7, and 10 , references (411) , (412) and ( 413), respectively . 

[0040] Second, the parity check matrix H is searched for a column Cr having 1 bits in tbe-a 
same locat i ons location as thos e of 1_bits detected in the f i r s t proc e dur e in a par i ty 
check resultant matrix i s s e arch e d . In a regular LDPC, since every column of the parity check 
matrix is different from e ach oth e r , the s e arch e d column Ck having 1 bits in the same location as 
the resultant matrix is unique. In the e mbod i m e nt o f example shown in FIG. 4, the column_Ck is 
C 10 , and the corresponding 1 bits are identified by references (401), (402) and (403), 
respectively . 

[0041] Third, a code word bit having the-a_same number as tfral -the number of the column Ck 
having 1 bits which match the 1 bits of the resultant matrix obta i n e d in th e s e cond proc e dur e is 
determined to be the code word bit where the error is generated. In the e mbodim e nt example 
shown in of-FIG. 4, the code word bit having the error is determined to be x 10 . 



9 



Docket No.: 0001.1176 
Substitute Specification 
with markings 

[0042] As described above, it is assumed that a 1-bit error is generated and every column of 
a parity check matrix has the same column weight. Therefore, if the number of bits having 1 in 
the resultant matrix i n th e first proc e dur e is not the same as the column weight (for example, the 
number of bits having 1 in the resultant matrix is 4), th e m e thod accord i ng to th e pr e s e nt 
inv e nt i on cannot bo adapted an error bit is not determined . 

[0043] An LDPC matrix used for optical disc systems usually uses cases where m = 1000 
through 10000 and n = 3000 through 30000. If it is considered that a general bit error rate 
(BER) of a_DVD is 10" 12 , a proportion of generating errors in two bits or more with respect to one 
code word vector (3000 through_30000 bits) is way- very low. Therefore, in general optical disc 
systems, a very large error correction effect can be achieved with only a 1-bit error correction. 

[0044] FIG. 5 is a flowchart of aft- a method of error determination and correction m e thod 
according to an embodiment of the present invention. 

[0045] Steps Operations 51 0 and 520 i ndicat e a proc e dur e of d e t e ct i ng detect whether an 
error exists in an encoded code word vector C. The decoding success/failure checking unit 210 
generates a resultant matrix Z by multiplying a parity check matrix H used in an encoding 
process and a decoded code word vector C and performing a modular 2 op e rating operation on 
respective components of the two matrices in step -operation 510. The decoding success/failure 
checking unit 210 checks whether all components of the resultant matrix Z are 0 in step 
operation 520. Since the modular 2 operation was performed, if aftv-an error was not generated 
in the decoded code word vector C, all components of the resultant matrix Z should be 0. 
However, if at least one T exists in the components of the resultant matrix Z due to error 
generation, th i s proc e ss the method proceeds to step- operation 530. 

[0046] Steps- Operations 530 and 540 indicate a first procedure fewletermining whether the 
error generated in the decoded code word vector C is a correctable error according to the 
embodiment of the present invention, that is, whether the error is a 1-bit error. If it is determined 
that at least one T is included in the components of the resultant matrix Z in step- operation 520, 
the error count detector 220 detects the number of 1s included in the resultant matrix Z in step 
operation 530 and determines whether the number of 1s is included in the decoded code word 
vector C is the same as a column weight ( CW) of the parity check matrix in step- operation 540. 
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if the number of 1s included in the decoded code word vector C is different from the CW of the 
parity check matrix H in stee -operation 540, since the error is not the 1-bit error, i t i s i mposs i bl e 
to corr e ct the error cannot be corrected according to the embodiment of the present invention. 
Accordingly, it is determined that the decoding failed. If the number of 1s included in the 
decoded code word vector C is the same as the CW of the parity check matrix H in step 
operation 540, th i s proc e ss the method proceeds to step- operation 550. 

[0047] Steps- Operations 550 through 570 indicate a second procedure fef-determining 
whether the error generated in the decoded code word vector C is a correctable error according 
to the embodiment of the present invention, that is, whether the error is a 1-bit error. If it is 
determined that the number of 1s included in the decoded code word vector C is the CW of the 
parity check matrix H in step -operation 540, the error location detector 230 compares each 
column matrix d, C 2 , C 3 ,..., C n included in the parity check matrix H to the resultant matrix Z in 
step- operation 550 and determines whether a column matrix C k is the same as the resultant 
matrix Z exists in step -operation 560. If th e sam e it is determined that a column matrix C k which 
is the same as the resultant matrix Z does not exist in step- operation 560, s i nce T i s g e n e rat e d 
du e to a th i rd caus e not th e 1 - bit e rror, i t i s i mposs i b le to corr e ct the error cannot be corrected 
according to the embodiment of the present invention , since the error is not the 1 bit error . 
Accordingly it is determined that the decoding failed. If the column matrix C^ which is the same 
as the resultant matrix Z exists in step -operation 560, a column number k of the column matrix 
C k is extracted in step- operation 570. 

[0048] The binary value changing unit 240 generates a corrected code word vector G-C by 
changing a binary value of the k th code word bit of the decoded code word vector C, that is, 
changing 0 to 1 or 1 to 0, in step -operation 580. Since every codeword bit has only a value of 0 
or 1 , if the error is generated on a value 0, 1 is a value before the error is generated. 
Accordingly, the binary value changing allows the error to be corrected. 

[0049] In steps- operations 590 and 600, the decoding success/failure checking unit 210 
confirms whether the correction is achieved by checking efhthe corrected code word vector GC 
wh e th e r th e d e coding succ ee d e d using the-a_same procedure as steps- operations 510 and 520. 

[0050] Wh ile th i s invent i on has boon particu l ar l y shown and descr i b e d with r e f e r e nce to 
pr e f e rr e d e mbod i m e nts th e r e of, i t wi ll b o und e rstood by thos e sk ille d i n th e art that various 
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chang e s i n form and d e tai l s may b e mad e th e r e in without d e part i ng from th e sp i r i t a nd scop e of 
th e i nv e nt i on as d e fin e d by th e app e nd e d claims. Th e pr e f e rr e d e mbod i m e nts shou l d b e 
consid e r e d in d e scriptiv e s e ns e on l y and not for purpos e s of lim i tation. Th e r e for e , th e scop e of 
th e i nv e nt i on i s d e f i n e d not by th e d e tail e d descr i pt i on of th e inv e nt i on but by th e append e d 
c l aims, and al l d i ff e r e nc e s w i th i n th e scop e w i l l b e constru e d as b e ing i nc l ud e d i n th e pr e s e nt 
i nv e nt i on. Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their eguivalents. 
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